Objectives: To report the long-term survival of transplanted kidneys in patients with a continent urinary diversion. Methods: Between January 1987 and July 2015, 16 patients with a median age of 37 years (range 21-63 years) underwent kidney transplantation on a continent urinary diversion. A total of 14 patients presented irreversible dysfunction of the lower urinary tract, and two patients had required radical cystectomy because of bladder cancer. All continent urinary diversions were carried out before the transplantation. There were nine Kock pouches, five Mainz pouches, one Mainz neobladder and one Hautmann neobladder. A total of 11 patients had a previous non-continent urinary diversion. Of the transplants, 14 came from brain-dead donors and two from related living donors. Results: The median post-transplantation follow up was 171 months (range 30-298 months). Two patients died, while six patients lost their transplant and resumed hemodialysis. Nine patients (56.2%) were alive with a functional transplant at the end of follow up. The most common allograft complication was acute pyelonephritis, but no graft was lost as a result of urinary diversion complications. The kidney transplant survival rate was 73.3% after 10 years, and 66.6% after 15 years. Among patients who still had a functional transplant at the time of the study, creatinine clearance was >30 mL/min for seven patients and <30 mL/min for two patients. Conclusions: The present study is the longest series to date of renal transplantation on continent urinary diversions. The long-term outcome shows that the presence of a continent urinary diversion does not reduce transplant survival.
Introduction
Lower urinary tract anomalies are responsible for 6% of end-stage kidney failure cases. The majority are congenital and appear at a young age. 1 Historically, these patients develop endstage renal failure. Kidney transplantation was not possible because of the increased risk of serious surgical complications as a result of immunosuppressive treatment, and the rapid alteration of transplant function due to lower tract anomalies.
Developing urinary diversion techniques, progress in stoma care, improved self-catheterization material and better control of infectious risks have made it possible to offer viable surgical solutions for reconstructing the lower urinary tract. 2 This context makes it possible to consider kidney transplantation on urinary diversions.
In 1966, Kelly et al. reported the first historic series of kidney transplantations with urinary diversions. 3 Because of its simplicity and its reliability, ileal conduit has become the most used form of urinary diversion in kidney transplantation. 1, 4 One study showed survival rates of 63% and 52% at 5 and 15 years of follow up, respectively, in a cohort of 54 patients with kidney transplantations into an ileal conduit. 4 However, in 1990, Marechal et al. reported the first series of two patients after kidney transplantation on a continent urinary diversion. 5 We report long-term outcomes of this single-center series with 14 additional patients.
Methods Patients
Between January 1987 and April 2010, 16 patients had a continent urinary diversion followed by a kidney transplant. There were eight men and eight women, with a median age of 37 years (range 21-63 years) at the time of the transplant ( Table 1) . The reason for continent urinary diversion was irreversible dysfunction of the lower urinary tract for 14 patients, most had spina bifida, and radical cystectomy for urothelial carcinoma of the bladder for two patients (Table 1) . Three patients presented non-dialysis-dependent chronic kidney failure, and 13 presented end-stage renal failure requiring hemodialysis. The average length of hemodialysis was 70 months (range 5-168 months). End-stage renal disease was caused by a neurogenic bladder in 14 patients, by poststreptococcal chronic glomerulonephritis in one patient and by bilateral nephroureterectomy because of urothelial cancer in one patient (Table 1) .
Patients were given antibiotic prophylaxis by C3G at the time of transplantation. An antibiotic treatment adapted to the antibiogram could be administrated secondarily, depending on the bacteriological results of the preservative fluid or sepsis.
Continent urinary diversions
Urinary diversions preceded kidney transplantation, and consisted of nine Kock pouches and five Mainz pouches to cutaneous stomas, and one Mainz pouch and one Hautmann pouch in the orthotopic position (Table 1) . Among the 16 patients, 11 had primary urinary diversion, which was converted to a secondary continent urinary diversion. The primary urinary diversion was an ileal conduit in four patients, a ureterosigmoidoplasty in four patients, a cutaneous ureterostomy in two patients and trigone sparing with ileal augmentation in one patient. All patients with conversion from incontinence to continence had a strong desire to avoid a stoma. For the other patients, progressive renal impairment was due to the primary urinary diversion.
In the case of residual diuresis, the ureters were repositioned to drain into the diversion. If not, while waiting for the transplant, the reservoirs were maintained by clean intermittent self-catheterization and irrigation by saline solution several times a day, to reach and maintain a capacity of approximately 400-500 mL.
Kidney transplantation
On average, transplantations were carried out 44.25 months (range 3-240 months) after reservoir construction. Out of the 16 kidney transplants, 14 were harvested from cadaveric donors, and two from living related donors. The recipients and the donors were ABO compatible, and the cross-matches were all negative. The donors fulfilled standard criteria (Table 1) . 6 The average cold ischemia time was 1140 min (range 20-1555 min).
The immunosuppression regimen used for transplantation was:
1 Cyclosporine, azathioprine, corticosteroids and thymoglobulin before 1994 (nine patients).
2 Cyclosporine, mycophenolate mofetil, corticosteroids and thymoglobulin from 1995 to 2002 (five patients).
3 Tacrolimus, mycophenolate mofetil, corticosteroids and thymoglobulin since 2003 (two patients). The choice of the side for the transplant depended on the state of the iliac vessels, the site of the stoma and the type of pouch in place.
The two patients with urothelial carcinoma were transplanted 5.5 and 6 years after radical cystectomy, respectively.
Follow up and evaluation
The patients were followed up conjointly with the nephrology ward. All patients were followed prospectively every 3-6 months for the first 2 years, then once a year. The followup protocol included: ultrasound assessment of the transplanted kidney and the pouch, determination of renal function, and endoscopic exploration of the pouch. The glomerular filtration rate was estimated by creatinine clearance according to the MDRD formula. The reference values were those of the National Kidney Foundation. 7 The loss of a transplant was associated with a return to hemodialysis. Early and late surgical complications were recorded.
Chronic allograft nephropathy was defined as renal.
Statistical analysis
Patient and transplant survival rates were calculated according to the Kaplan-Meier method using SPSS Statistics (SPSS 20.0; SPSS, Chicago, IL, USA). Outcomes are censored for death.
Results
Results are summarized in Table 2 .
Post-transplantation follow up
The average follow up was 171 months (range 30-328 months) after kidney transplantation.
Complications
Two patients died during follow up, one from sudden cardiac death 156 months after transplantation, with a functional transplant, and one from congestive heart failure 80 months after transplantation. The complications linked to kidney transplantation were as follow. One patient with a Kock pouch developed a stenosis of the ureteroileal anastomosis, leading to kidney failure and repeated episodes of pyelonephritis, 13 years after transplantation. The stenosis was successfully treated by endoscopic incision. The same patient presented a stenosis of the arterial anastomosis of the transplanted kidney 17 years after transplantation, which caused increased blood pressure before being successfully treated by endoluminal angioplasty. Another patient also presented a stenosis of the transplant's arterial anastomosis 23 years after transplantation, but without any clinical repercussions. As such, it was simply monitored. Finally, one patient developed a compressive lymphocele, requiring marsupialization 43 months after transplantation.
Complications linked to the continent urinary diversions were as follow. Two patients required repeat surgery on the afferent valve of their Kock pouch before transplantation. One patient with a Kock pouch required iterative dilatations of a stoma stenosis 4 and 14 months after transplantation, then a mucocutaneous YV plasty 31 months' post-transplantation. Repeat surgery was also carried out on the continent valve of three patients as a result of self-catheterization difficulties 18, 24 and 84 months, respectively, after transplantation. In addition, two other patients required repeat surgery because of incompetence of the continent valve leading to incontinence 12 and 144 months after transplantation. Six patients had at least one episode of calculus in the reservoir, requiring endoscopic extraction and surgical reduction in one case. Most of the stones in the reservoir were formed on staples used for the stabilization of the continental cutaneous valves.
Infectious complications were as follow. All the patients presented asymptomatic chronic bacteriuria. Eight patients had at least one episode of acute pyelonephritis of the transplanted kidney. Nephrectomy of a native kidney because of pyonephrosis was carried out on two patients 2 and 24 months, respectively, after transplantation. One patient required nephrectomy of the transplanted kidney for pyonephrosis 44 months after transplantation. The transplant was non-functional due to repeated episodes of acute rejection.
Functional results of transplanted kidneys
Six patients lost their transplants during follow up, on average 148.5 months (range 30-274 months) after transplantation. In all cases, transplant loss was caused by chronic allograft nephropathy. It was a progressive multifactorial renal dysfunction, the causes of which could be toxicity to immunosupressors, hypertension or dyslipidemia.
The patients resumed hemodialysis. Among 15 patients with a minimum follow up of 120 months, 11 patients (73.3%) had a functional transplant. Among 12 patients with a minimal follow up of 180 months, eight patients (66.6%) had a functional transplant. Nine patients (56.2%) still had a functional transplant at the end of follow up (Fig. 1) . Four patients had a creatinine clearance >60 mL/min, three patients had moderately reduced kidney function with creatinine clearance between 30 and 60 mL/min, and two patients had severely reduced kidney function with creatinine clearance <30 mL/min (Table 2) .
Discussion
Renal transplantation is the best therapeutic option in endstage renal disease. 8 Because of its simplicity and its reliability, ileal conduit has become the most used form of urinary diversion in kidney transplantation. One study showed survival rates of 63% and 52% at 5 and 15 years of follow up, respectively, in a cohort of 54 patients with kidney transplantations into an ileal conduit. 4 Urinary complication rates vary between 30 and 60% depending on the study. 4, 9 Cutaneous and orthotopic continent urinary diversions have been greatly developed over the past 30 years, to the point that they are now the preferred method for reconstruction after cystectomy for cancer. Selection of urinary diversion should consider patient and surgeon preference, patient health status, patient manual, disease severity, and targeted quality of life. The requirement of self-catheterization is mandatory in continent cutaneous diversion, and a potential risk in orthotopic substitution. Patients were evaluated, before surgery, on their ability to carry out self-catheterization. Nevertheless, despite tried-and-true techniques and satisfactory functional results, few patients suffering from end-stage renal disease have benefited from this type of diversion. In all, we found reports of 48 transplantations in adults with a continent pouch since 1989, with just four authors reporting more than two patients (Table 3) . 5, [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] In our series, as in the majority of published series, most patients suffered from spina bifida. 13, 20 Constructing a continent reservoir allowed a population that already faces a disability to avoid the inconveniences of a non-continent diversion, at a time when the desire to preserve body image played an increasing role in patient care.
In the case of patients suffering from bladder cancer, the decision to put them on the transplantation waiting list took into consideration the initial prognosis and a relapse-free period of at least 2 years. 21 The optimum delay between continent urinary diversion and kidney transplantation has long been debated. To the best of our knowledge, transplantation combined with urinary diversion has only been reported once, in Kelly's historic series. 3 Some authors recommend the creation of the reservoir after kidney transplantation, when transplant function has been stabilized with minimal doses of immunosuppressive drugs. This approach would decrease the risk of lesions of the peritoneal folds during dissection, and would avoid the constraints of maintaining the reservoir in cases with no residual diuresis. 13 In the present series, the reservoir was created before transplantation in all cases, with a minimum delay of 3 months. This process, used by most authors, allowed construction of diversions with no immunosuppression in play, as well as making it possible for patients to learn self-catheterization techniques and progressively increase reservoir capacity without taking any risks with the transplant. It also facilitated treatment of potential early complications specifically due to the reservoir. 5, 13 However, it did require reservoir irrigation several times a day if there was no residual diuresis, which was increasingly burdensome.
All the patients in this series had chronic asymptomatic bacteriuria. A total of 50% of patients had at least one episode of acute pyelonephritis of the transplant. Kocot et al. reported a rate of 28% of acute pyelonephritis in their series. 18 This complication was probably caused by a reflux of infected urine to the transplant. Because of the retrospective nature of the present study, it was not possible to confirm this hypothesis. Long-term consequences of asymptomatic chronic bacteriuria are subject to controversy. 13, 18 In theory, infectious risk is increased in these immunosuppressed patients. However, both in our series and in that of Kocot et al., none of these mechanical or infectious complications led to the loss of a transplant, if treated in time. 18 Creatinine clearance is not a good marker of renal function in patients with spina bifida or with a urinary diversion, because of the global decrease of muscle mass and intestinal reabsorption of creatinine. 22 Ideally, products like inulin should be used to measure glomerular filtration rate in these patients. However, these techniques are rarely used in routine clinical practice. As such, we used creatinine clearance calculated according to the MDRD formula as a baseline to evaluate renal function. In the present series, 43.8% of the patients had a satisfactory renal function (creatinine clearance >30 mL/min) at the time of this study, and the transplant survival rate was 66.6% after 15 years of follow up. These results are at least equivalent to those found in transplanted patients with native bladders according to the Agence de Biom edecine's 2011 report. 23 These results are also comparable with those observed in young renal transplant patients at the same time, in our center. 24 These good results can be explained by optimal transplants from living donors or donors fulfilling standard criteria and short cold ischemia time. 25, 26 However, neither the evolution of conservation methods used during organ harvesting nor modifications of the patients' immunosuppressive treatment were taken into consideration in the present retrospective study.
The pouches exposed patients to a higher rate of specific complications compared with transplanted patients with native bladders. 27 In this series, two-thirds of the complications were as a result of calculi in the pouch and continent valve dysfunction. However, the low-pressure pouches, patient compliance with clean intermittent self-catheterization and fast care of pouch complications probably avoided alteration of transplant function. The loss of six transplants was due to chronic dysfunction, as in that of the series of Kocot et al.
18
The present study shows satisfactory long-term kidney transplant survival in patients with continent urinary diversion. These results seem to be equivalent to those of patients transplanted on native bladders despite specific morbidity as a result of the pouches. The satisfactory results invite us to continue this therapeutic sequence. However, the complex care of these patients should be confined to expert centers.
